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ABSTRACT 
As pa r t  of  the  instrument evaluation 
plan f o r  t he  NASA Global Atmospheric Sampling 
Program, two d i f f e r e n t  commercial pa r t i cu la t e  
measuring instruments were flown aboard t h e  NASA 
Convair 990. A condensation nucle i  monitor was 
u t i l i z e d  t o  measure pa r t i c l e s  l a r g e r  than 
approximately 0.003 p m i n  diameter.  A spec ia l ly  
designed pressur iza t ion system was used with t h i s  
counter so  t h a t  t he  sample could be fed i n t o  the  
monitor a t  cabin a l t i t u d e  pressure.  A near- 
forward l i g h t  s ca t t e r ing  counter was used t o  
measure the  number and s i z e  d i s t r ibu t ion  p a r t i c l e s  
i n  the  s i ze  range from 0 . 5  t o  5/um and greater  i n  
diameter. 
Considerable va r i a t ion  i n  number densi ty  
was encountered f o r  both c lasses  of p a r t i c l e s  a t  
t he  t e s t  a l t i t u d e s  ranging fYou 5 t o  1 2  lan. 
Presence of clouds could be detected by t h e  l i g h t  
s ca t t e r ing  instrument because l a rge  numbers of 
pa r t i c l e s  would then be r eg i s t e red  by the  in s t ru -  
ment. especia l ly  i n  the s i z e  range above 5.0,um i n  
diameter.  
A t  NASA the  Global Atmospheric Sampling 
Program (GASP) i s  current ly  underway t o  equip 
several commercial Boeing 747 a i r l i n e r s  with a 
system t a  measure, in-s i t  u several atmospheric 
const i tuents  on a global b a s i s .  The purpose of 
t h i s  program i s  t o  determine the  poss ible  contr i -  
bution of j e t  a i r c r a f t  t o  possible atmospheric 
contamination over the  duration of the  program 
which i s  expected t o  be severa l  years .  The air 
sampling system i n s t a l l e d  on these  a i r l i n e r s  must 
be designed t o  operate unattended. Also, t h i s  
system m a y  be inaccess ible  f o r  periods a s  long a s  
severa l  weeks. These const ra in ts  as well  a s  t he  
a i r c r a f t  shock, temperature and vibra t ion 
environment and safe ty  considerations f o r  t he  
i n s t a l l a t i o n  on board t h e  a i rp lane  impose severe 
demands on sampling instruments.  The program has 
been l imi t ed  t o  atmospheric measuring techniques 
which are  already developed. 
The need fo r  obtaining r e l i a b l e  da ta  on 
the  background concentrations of a number of minor 
atmospheric const i tuents  i s  necess i ta ted  by concern 
regarding the  e f f ec t s  of present a i r c r a r t  engine 
exhaust emission as well  a s  t he  e f f e c t s  due t o  
projected increased t r a f f i c  due t o  both subsonic 
j e t s  and the  introduction of the  s u ~ e r s o n i c  
t r anspor t s .  SMIC (197l) suggests t h a t  severa l  
a i r c r a f t  engine exhaust const i tuents  including 
p a r t i c u l a t e s ,  ofides of n i t rogen and water vapor 
m a y  have potent ia l ly  harmful e f f e c t s .  I n  order t o  
assess the  e f f e c t s  of these const i tuents  it 
becanes necessary t o  have accurate atmospheric 
models and a knowledge of the  background l e v e l s  
especia l ly  i n  areas of heavy air t r a f f i c .  
This paper descr ibes  some d e t a i l s  of 
f l i g h t  t e s t s  of prototype instruments f o r  t h e  
GASP system. These instruments were i n s t a l l e d  on 
t h e  NASA CV-990 research a i r c r a f t  based a t  Ames 
Research Center.  De ta i l s  of  t h e  a i r c r a f t  system 
a re  described by Bader and Wagoner (1970) . The 
i n s t a l l a t i o n  was flown on the  ASSESS and SEASAT 
mission during January of 1974. The d a t a  were 
taken over land w e r  t h e  west coas t  of t h e  United 
S t a t e s  a s  well  a s  i n  maritime air between San 
Wancisco and Hawaii. This paper w i l l  p resent  
da t a  frm two pa r t i cu la t e  measuring instruments 
included in  t h e  i n s t a l l a t i o n .  A condensation 
nucle i  counter measured concentration of  p a r t i c l e s  
w e r  O .003km in  diameter and a near  forward 
l i g h t  s ca t t e r ing  type instrument measured t h e  
number and s i ze  of p a r t i c l e s  g rea t e r  than 0 . 5 p m  
in diameter.  
SAMPLE COITDTTIONITTG 
Special  sample conditioning was required 
f o r  t he  condensation nuc le i  monitor because the  
instrument could not  t o l e r a t e  any di f ference  
between the  sample i n l e t  pressure and the  ambient 
pressure surrounding t h e  instrument.  Because t h e  
cabin of t he  a i r c r a f t  was pressur ized and because 
most of t he  da ta  were t o  be  taken a t  a l t i t u d e s  
above 5 lan t he  pressure within t h e  cabin would be  
greater  than t h a t  of t h e  ram air enter ing t h e  
instrument. A pressur iza t ion system was the re fo re  
prepared which allowed the  use of  f i l t e r e d  cabin 
a i r  t o  pressur ize  t h e  incoming a i r  sample. Refer- 
r i n g  t o  f igu re  1, an air sample taken from t h e  
atmosphere ex te r io r  t o  t h e  a i r c r a f t  i s  introduced 
i n t o  t h e  pressur iza t ion system by the  cmbjned 
act ion of t h e  d i f ference  between t h e  t o t a l  ram air 
pressure of t he  i n l e t  probe and t h a t  of  t h e  s t a t i c  
dump l i n e .  An air pump a l so  a ids  the  flow. The 
i n c d n g  air sample i s  f ed  a l t e r n a t e l y  t o  each of  
t h e  two sample chambers by a motor-driven r o t a r y  
valve .  While one chamber i s  being f i l l e d  with a 
new sample, t he  o t h e r ,  already containing a sample, 
i s  pressurized with cabin a i r  passed through a 
f i l t e r  thus maintaining t h e  p a r t i c l e  count of t h e  
sample. The counter samples each chamber succes- 
s ive ly  a s  it reaches cabin ambient pressure .  The 
degree of pressur iza t ion i s  dependent on the  
di f ference  between t h e  cabin a l t i t u d e  pressure  and 
t h e  air sample pressure .  E s s e n t i a l l y ,  all t h e  
p a r t i c l e s  from the  cabin air were remwed. 
In actual  operation an incaning air 
sample a t  a l t i t u d e  pressure i s  drawn i n t o  one of  
t h e  chambers. A t  t h e  end of a timed f l u s h  per iod,  
cabin air i s  allowed t o  br ing t h e  chmber  t o  cabin 
pressure through t h e  f i l t e r .  Now t h e  counter can 
draw from the  chamber through a check valve f o r  
t he  duration of the  sample per iod.  The pressure  
within the  chamber i s  vented through a check valve 
bypass l i n e  around t h e  pump The phase d i f f e rence  
between the  two chambers i s  180 degrees .  The 
pressur iza t ion system was capable of providing t h e  
demand flowrate of t h e  condensation nuclei counter 
which was about 3 l i t e r s  per minute. Flow through 
t h e  nuclei counter was monitored by a rotameter 
mounted on the  front of the instrument. Occasional 
adjustments were required during the f l i g h t s  due 
t o  changes i n  cabin al t i tude pressure. The rotary 
valve was driven a t  28 r p  by a motor. Losses 
through the pressurization system were not more 
than X )  percent as  measured by ground t e s t s  using 
ambient air. The unit used only metal tubing t o  
minimize losses  due t o  electrostat ic  forces on 
tubing walls.  
An ef for t  was made t o  minimize par t i c le  
losses  upstream of both the pressurization system 
and the condensation nuclei counter. The sample 
residence time was minwzed by locating the 
instruments as  close as  possible t o  the sample 
probe . Metal tubing (1.3 cm d i a  . OD) was used 
between the  probe and the pressurization system 
t o  eliminate e lec t ros ta t i c  losses .  Bends were 
made with as  large a radius as  possible t o  prevent 
impaction losses .  
3 .  INSTALLATION 
The par t i c le  samplers were ins ta l l ed  
aboard the NASA CV-990 research a i rc ra f t  based 
a t  Ames Research Center, Moffett Meld ,  California. 
A schematic and photograph of the sample probe 
assembly are shown i n  figure 2 .  The i n l e t  and 
discharge probes were mounted on the same window 
blank ins ta l l ed  in  the forward part of the airplane. 
Isolat ion valves and a bypass l i n e  allowed for  
purging of the i n l e t  probe a t  a l t i tudes below the 
t e s t  a l t i tude ,  generally above 5 kilometers. 
Injest ion of l iqu id  water and large concentrations 
of particulates found below the t e s t  a l t i tude 
could thus be avoided. The probe assembly pene- 
traded the a i rc ra f t  skin suff icient ly t o  avoid 
injest ion of boundary-layer air. Operational 
character is t ics  of the l i g h t  scat ter ing par t i c le  
counter made it desirable t o  run as much flow 
through the instrument as possible. Therefore 
large s ize tubing (1.3 an d i a .  OD) was used t o  
lead the sample t o  the instrument from the i n l e t  
probe. Residence time and flow losses were 
reduced by locating the instrument as d o s e  t o  
the i n l e t  probe as  possible. A small vane pump 
was used downstream of the ins t ru~l l~n t  t o  provide 
maximum f l m a t e .  A heat t ransfer  mass flowmeter 
was used t o  monitor sample flowrate. The f l o w  
would vary with a l t i tude  ranging f'ran about 21 
l i t e r s  per minute a t  5 kilometers t o  a minimum of 
6 l i t e r s  per minute a t  12 kilometers. 
The condensation nuclei sample 
pressurization system, the condensation nuclei 
counter, the l i g h t  scattering par t i c le  counter, 
recording instruments, and associated plumbing 
were mounted on racks supplied by Ames for  use 
aboard the CV-990 alrcraf't. Racks were placed 
near the sample i n l e t  probe t o  minimize sample 
residence time. The output of the condensation 
nuclei counter was monitored on a s t r i p  chart 
recorder. Output of the l i g h t  scattering par t i c le  
counter expressed as  the number of counts in each 
of f ive s ize ranges were recorded manually. 
4 .I. Condensation Nuclei Counter 
The counter was a camnercially 
available un i t  adapted f o r  rack mounting i n  the  
airplane. A similar system i s  described by 
Skala (1963) . Operation of the  counter i s  s M l a r  
t o  t h a t  of a cloud chamber, i . e . , water i s  
condensed upon part ic les  much l e s s  than 1 ~ m  in 
diameter t o  produce &oplets which can readi ly be 
detected opt ical ly .  A l l  pa r t i c les  above 
approxLmately 0.003 m i n  diameter are detected. 
A c a s t a n t  d r  s a m p e  flow i s  periodically 
diverted through a humidifier which i n j e c t s  water 
i n t o  the sample then i n t o  a cloud chaber  where 
a flxed-volume expansion of the sample occurs 
providing a supersaturation of abmt 300 percent. 
The supersaturation causes growth of cloud nuclei 
t o  occur very rapidly, i n  a matter of only a f e w  
milliseconds. A l i g h t  beam was directed across 
the cloud c h d e r  and focused on a photocell.  
The formation of the cloud attenuates the  l i g h t  
beam reaching the photocell. The degree of l i g h t  
attenuation i s  proportional t o  the number of 
condensation nuclei present i n  the sample stream. 
APter each expansion process, the cloud chamber 
i s  pressurized and flushed out .  A new measure- 
ment i s  made every second. Several seconds are  
required f o r  the instrument t o  respond t o  a s tep  
change due t o  the time required f o r  t h e  instrument 
t o  f lush i t s e l f  out.  
A s m a l l  vane type vacuum pump i s  used 
t o  supply a continuous d r  sample and a reduced 
pressure f o r  the cloud chamber expansion. A 
portion of the  vacuum pump discharge i s  used t o  
actuate pneumatic valves which control the 
flushing of the cloud chamber. The humidifier 
consists of a ser ies  of baf f les  and wetted wicks 
which humidify the i n c d n g  a i r .  The water l eve l  
within the humidifier is  controlled by a 
t h e d s t o r  which act ivates  a solenoid valve when 
the water l eve l  drops below the thermistor. About 
0.10 l i t e r  of water i s  carr ied i n  a reservoir 
within the instrument. This supply i s  suff icient  
f o r  a t  l e a s t  several hundred hours of continuous 
operation of the counter. A motor driven rotary 
valve controls the timing of the flow through 
the expansion chamber as well as providing a 
vacuum cm one side of a slack diaphram within the 
fixed volume which would cause the expansion t o  
occur. The valve drive motor rotates  a t  63 rpm. 
The counter was flown i n  the as- 
calibrated condition Prom the manufacturer. No 
f a c i l i t i e s  were available fo r  the calibration of 
the uni t  a t  NASA Lewis. The f l i g h t  data were 
adjusted by a correction curve supplied by the  
manufacturer. This correction was required 
because the reduced cabin pressure changed the 
calibration of the instrument. Cabin a l t i tude  
pressure was recorded periodically during the 
f l igh t  se r ies .  The l i m i t  of detectabi l i ty  of 
the instrument was 30 condensation nuclei counts 
per cubic centimeter. 
4.2 ~ i g h t  Scattering Part ic le  Counter 
The l i g h t  scat ter ing counter measured 
number, concentration and s ize of par t ic les  
larger  than 0 .5  /u m , although small i n  number, 
these part ic les  represent the bulk of the mass 
of the par t i c les  of all s izes .  A carmnercial 
l i g h t  scat ter ing counter which consisted of an 
electronics cabinet and a sensor was used during 
the f l t gh t  ser ies .  Having the unit i n  two parts 
was convenient because the sensor, which was 
smaller and l i gh t e r  than the electronics box, 
could more easi ly be located near t he  sample i n l e t  
probe in  the a i r c r a f t  ins ta l la t ion .  
The operation is similar t o  tha t  of a 
uni t  described by Liu (1973). An air sample 
containing part icles  passes through a sensitive 
volume, illuminated by a condensed, collimated 
and focused l i gh t  beam. Ligh* scattering caused 
by the part icles  i s  detected by a photant l t ipl ier  
tube wlth l igh t  Frm the maln beam being absorbed 
by a l i gh t  t rap .  Part icle  size i s determined by 
the amount of l i gh t  s t r iking the photcmultiplier. 
The output of the photmult ipl ier  i s  fed in to  a 
multi-channel pluse height analyzer which i s  
celibrated in  -terms of equivalent optical 
diameter based on original calibration by poly- 
s t p e n e  la tex  spheres. m e  Instrument was 
equipped with a plug-in un i t  which would auto- 
matically store the part icles  counted 3n each of 
f ive different s ize ranges. The unit would stop 
the comting Bfter a preselected time internal  
had elapsed. A t o t a l  counting time of ei ther  1 
or 10 minutes could be selected. One of the 
size ranges could be selected for  Mewing on the 
digital display on the front  panel of the 
instrunent. The Hve  size ranges are shown i n  
Table I. 
Table I 
C H m L  NO PARTICLE S I Z F : , p m  
Before the flight ser ies  the l igh t  
scattering part icle  counter was calibrated using 
an aerosol generator . Monodl spersive la tex  
part icles  were used in the aerosol generator. 
The index of refraction of the part icles  was 1.6: 
A t o t a l  of 6 different sized monodispersive 
part icles  were used. Appromately 80 percent 
of each size of the monodllspersive part icles  
were registered in the proper channel. 
5 .  RESULTS AND DISCUSSION . 
The most useful data were obtained 
when an altitude profi le  mission was flown. 
An al t i tude profile consisted of a pattern 
wherein the aircraft would f l y  a t  a given low 
al t i tude long enough fox a sufficient amount of 
data t o  be taken, execute a climbing turn un t i l  
the next selected al t i tude was achieved, then 
f l y  back along the same track as the f i r s t  l eg .  
In t h i s  manner, the same ver t ica l  column of air 
could be sampled a t  each selected a l t i tude .  
The resu l t s  of such a f l i gh t  are 
shown fn figure 3. The a l t i tude  profi le  i s  
shown on the top portion of the f igure.  
Condensation nuclei concentration i s  shown 
plotted versus Greenwich Mean Tlme (G.M.T .) i n  
the bottan portion of the figure. This f l igh t  
was made between Reno, Nevada and the Paciflc 
coast l i ne  on 23 January 1974. The f i r s t  leg of 
the f l i g h t  was made a t  an al t i tude of 4.7 
kilometers. Most of the data taken during the 
f i r s t  half of the leg  was a t  o r  below the l i m i t  of 
detectabi l i ty  of the instrument (about 30 nuclei  
per cubic centimeters). 
During the f l i gh t  se r ies  it was not 
unusual for  the condensation nuclei counter t o  be 
reading below i t s  l i m i t  of detectabi l i ty  , In f a c t ,  
t h i s  o c w e d  about 40 percent of the time. 
A t  about 2l15 G.M.T. i n  the f-lrst l e g  
the nuclei count began t o  increase steadily unt i l  
the end of the l e g .  A value of 1100 counts was 
recorded a t  the instant  the 4.7 kilometer a l t i tude  
leg  ended and t he  a i rc ra f t  began a climbing turn .  
The 1100 count peak was one of the highest 
recorded d W n g  13 flights and approximately 65 
hours of flying tlme . A t  t h a t  same instant  the 
count r a t e  began decreasing rapidly u n t i l  it 
reached a value of PO counts a f t e r  which another 
pea& of 700 counts was recorded. This indicates  
the layered nature of the condensation nuclei with 
a l t i tude .  Thereafter the count decreased steadi ly 
during the balance of the climb with the decrease 
continuing for  the f i r s t  few nctnutes of t he  next 
l eg  which was a t  6.2 k i lme t e r s  a l t i tude .  It can 
be inferred frm the data W e d l a t e l y  before, 
during and immediately a f t e r  the f i r s t  climbing 
turn tha t  a region of high c~ncent ra t ion  of 
ccmdensation nuclei existed inland from the 
California coast l i n e  where t he  turn s tar ted md 
extending t o  a t  l e a s t  6.2 k i lme t e r s .  
After the i n i t i a l  decrease had leveled 
out a t  the begimxing of the 6.2 kilometer l e g ,  
the count r a t e  was relat ively steady, however, 
the condensation nuclei count was rather  high, 
about 300 per cubic c en the t e r ,  which i s  higher 
than that  usually recorded during the f l i gh t  
ser ies .  A peak of about 40 counts above average 
was registered prior t o  2200 G.M.T. indica*ing 
sane structure i n  the condensation nuclei concen- 
tration a t  t b l s  a l t i tude .  
The next leg was an east t o  west run a t  
7 -7 kilameters al t i tude.  It Ps interest ing t o  
note that  during the climb t o  7.7 kilometers as 
w e l l  as for  the  f i r s t  few minutes of the l eg ,  
the condensation nuclel count remained about the 
same as tha t  seen i n  the previous leg .  TWs would 
indicate a relat ively homogeneous region of 
candensation nuclei concentration over a course 
a t  l eas t  300 ki lmeters  long and 1 . 5  k i lme t e r s  
i n  height. This region ended about 100 k i lme t e r s  
into the 7.7 k i lme t e r  a l t i tude  leg  when a peak 
of @O counts was achieved. This peak decayed t o  
the original l eve l  of about 300 counts i n  about 
5 minutes. The f l i gh t  distance for  t h i s  peak i s  
broad enough, about 42 k i lme t e r s ,  so tha t  air- 
c ra f t  traffic i s  not a reasonable source. However, 
it may not be unreasonable t o  a t t r ibu te  the peak 
t o  a large ground source. The response time of 
the instrument i s  on the order of several seconds 
representing a distance of about 0.1 kilometer a t  
t h i s  a l t i tude .  About 10 minutes a f te r  the count 
r a t e  had leveled off a f te r  the peak, the r a t e  
began t o  increase slowly but steadily until it 
reached about 500 counts when the leg was ended. 
During the climbing turn t o  10.8 kilometers, a 
single peak was recorded of 900 counts. The wfdth 
of t h i s  peak indicates the length of the high 
concentration course was a t  l e a s t  30 k i lme t e r  
long and covered an al tf tude span of 1 . 5  kilometers. 
The possibi l i ty  of a single a i rc ra f t  being the 
source of thLs peak i s  remote unless di lut ion has 
o c m e d  over a large area. 
The l e g  a t  10.8 kilometers a l t i tude  was 
a west t o  east  run. Average condensatim nuclei 
concentrations of &out 475 per cubic centimeter 
a t  t h i s  a l t i tude  ere  Ngher than was usually 
encouqtered during the f l i g h t  se r ies .  A single 
peak &out 9 kilameters long occurred 5 mlnutee 
-can the end of the  l eg .  
The clfmb t o  12.1 k i l m e t e r s  showed a 
g e n e r a y  decreasing trend i n  concentration. No 
marked peaks were encountered a t  t h i s  a l t i tude .  
The average ccnmt leve l  was about 50 ccnmts 
below the l e v e l  a t  the  predous a l t i tude .  A t  the  
end of this m the  a i rc ra f t  descended quickly 
t o  the next a l t i tude  foy the fLnd run which was 
a t  9.2 kilometers al t i tude.  
Considerable cancentration f ine 
structure was encountered during the descent t o  
9.2 k i l m e t e r s  and durlng the  f i r s t  few d n u t e s  
of the run. These peaks m e  n m u w  enough t o  be 
d i rec t ly  at t r ibutable  t o  s i n a e  aircraf't f l i g h t s .  
There was a general decreasing trend t o  the data 
a t  t h i s  dtf-bude indicating considerable non- 
hcrmogeneity i n  the condensaticm nuclei concentra- 
t i o n .  
Hgure 4 presents a portion of figure 3 
with an expanded time sca le .  It shows sane of 
the de ta i l  which was canltted frm figure 3 for  
c la r i ty .  Because of the repet i t ion of the basic 
pattern of the peaks and val leys,  the  d e t a i l  
shown i n  figure 4 does not represent r e d  changes 
in condensation nuclei count. Instead, these 
data m e  probebly fndicative of a pneumatic 
coupling problem between the condensatim nuclei 
c o d e r  and the pressur2zatim system. The 
phenanenm of peaks and valleys in the condensa- 
t i a n  nuclei output has been demonstrated i n  the 
laboratory under simulated f l i g h t  conditions. 
The perlod of a half sine wave has been measured 
t o  be s l igh t ly  aver two minutes. Each one of 
the two chambers located i n  the pressurization 
system i s  pressurized 28 t w e s  per mintue. The 
basic  cycle time of the condensation nuclei 
counter is  cmce per second. Thus, the cycle 
times of the pressurization system end the  
condensation nuclei counter are s l igh t ly  mlsmatahed . 
Inser t ing a ba l las t  volume between the pres- 
surization and the condensatim nuclei counter 
did not e l m a t e  the pulsaticms . A larger ba l las t  
volume might be t r i e d ,  but a disadvantage would 
be a delay i n  respanst. time. More work needs t o  
be done to e l M n a t e  t h i s  problem. 
The resul ts  of 5 separate s ize 
dis t r tbut ion measurements of l igh t  scattering 
data m e  shown plo-t;ted on figure 5. These data 
were taken during the f l i g h t  on 23 January 1974. 
The symbols of flgure 3 show when the data  on 
f igure 5 weye taken. Each measurement was 
gathered aver a ten minute time period. There 
were two reasons f o r  s e l e c t k g  a ten minute 
sampling period instead of a one minute sampling 
period. First, be t te r  s t a t i s t i c a l  data cen be 
expected frm the larger  sample and second, with 
the  longer smple period l e s s  tlme needed t o  be 
spent recording the data since each s ize 
distributTon had t o  be recorded manually. Trends 
in the data shown in f igure  5 show a good 
c o i ~ e l a t i m  with those 09 f'tgure 3 .  With the 
exceptim of the dls t r ibut ion which s ta r ted  a t  
2249 G.M.T., the dis t r ibut ions follow the  trend 
i n  increasing cmcentration shown i n  the conden- 
sat ion nuclei p lo t .  The other exception i s  t h a t  
t h e  peak s h m  a t  2231 G.M.T. on the condensation 
nuclei data i s  ignored in the hierarchy of the 
nrst four distr ibut ions.  A t  the  top of f igure 
5 ,  the dis+&Bution which s t a r t s  a t  2249 G.M.T. 
deserves special mention. A l l  the  other 
dis t r ibut ions ere proven low distr ibut ion (slope 
3-3.5) ,  typical  of aged atmospheric aerosols ,  
while the par t i c le  s ize  dis t r ibut ion obtained 
f r ~ n  the data a t  2249 G.M.T. show large quant i t ies  
of atypical large par t i c les  that  indicate  recent 
material formations. Note t h a t  not only i s  the 
cancentration higher than the other d i s t r ibu t ions ,  
but  i f  a l i n e  were t o  be drawn through the  points ,  
i t s  slope would be much shallower than l f n e s  
drawn through the other dis t r ibut ions.  This 
shallow slope indicates presence of water droplets 
or  i c e  crystals  being registered by the counter. 
A t  the  time this measurement was taken no clouds 
were v i s ib le  a t  the aircraf't a l t i tude  (7.7 lon) , 
although t u n  c i r rus  were v i s ib le  above a t  abou-t; 
12 h. Thus, the light scat ter ing par t i c le  
counter could detect the presence of "invisible" 
clouds or droplets or i c e  crystals  i n  concentra- 
t ions below tha t  required for  observation. Cloud 
detecttan data cannot be separated fran par t ic le  
data  af'ter the size dls t r ibut ion has been completed. 
However, i f  during the ten minute sample period 
one would observe the  d i g i t a l  display f o r  one of 
the l a rger  s i z e  ranges . a very rapid counting ra te  
would indicate the aircraf t  was f lying through 
clouds. 
Figure 6 presents condensation nuclei 
concentration versus G.M.T. for  a f l i g h t  between 
Sen Francisco and H a w d i  on 30 January 1974. 
Note tha t  the bulk of the  f l i g h t  was spent a t  
constant a l t i tude.  Considerable s t r i ~ c t u r e  i n  the 
condensation nuclei concentration was encountered 
during the climb f'rm 5.5 t o  10.8 k i l m e t e r s .  
When cruise al t i tude was reached, the count 
slowly decayed t o  the l imi t  of de tec tab i l i ty  of 
the  Fnstrument. The reading then slowly increased 
u n t i l  a peak of 480 nuclei per cubic centimeter was 
obtaZned which was followed by a f'urther slow 
decay. The decay reached a minimum,then the  count- 
ing  r a t e  climbed rapidly and leveled off a t  420 
nuclei per cubic centimeter. During the  next hour 
of f lying the concentration was re la t ive ly  
constant. Data were l o s t  for several minutes 
beginning a t  2325 G.M.T. while the ba l las t  volume 
was adjusted. In general,  the condensation nuclei 
data f'rm t h i s  f l i g h t  indicated f a i r l y  homogeneous 
air once cruise a l t i tude  was obtained. 
Results of 5 separate s ize dis t r ibut ions 
of l igh t  scattering data are shown plot ted on 
figure 7. These dis t r ibut ions were taken during 
the f l igh t  on 30 January 1974. The symbols on 
figure 6 show when the data  on figure 7 were 
taken. The dis tr ibut ions with s t a r t  times of 2101 
and 2136 both show shallow slope indicating they 
are containing large numbers of water droplets o r  
ice  c r y s t a l s .  Note t h a t  the re la t ive  concentratlons 
of each of the 5 s ize ranges is  the same f o r  both 
dis t r ibut ions indicating clearing or diluted a i r  
without preferential removel or  evaporation of any 
particular droplet (or ice crystal)  s ize .  Visud  
observations taken f r a  the a i rc ra f t  a t  the time 
these dis t rLbutims were taken conflmed the 
presence of c i m s  clouds. The rem-g 
dis tr ibut ions show steep slopes. Visual. &ser- 
vations cmf imed the  absence of clouds when these 
dis t r ibut ions were t s k  en. 
Flight t e s t s  have been made wlth tm 
par t ic le  measuring instruments end t h e i r  
respective sample c d i t i o n i n g  systems proposed f o r  
i n s t a l l a t i a n  in camnercial Boeing 747 airliners. 
The instruments were f l i g h t  tes ted f o r  apprcdmately 
65 hours ilp t o  d t i t u d e s  of 12.2 kiltmeters in the 
NASA CV-990. 
Results of two typical  f l i g h t s  shm 
tha t  the concentration oq condensation nuclei can 
range f r a n  the l i m i t  of detectabi l i ty  of the 
instrument Co llC€ part ic les  per cubic centimeters. 
Considerable f ine  structure was usually registered 
as the  d r c r a f t  climbed indicating tha t  the 
dis t r ibut ion of condensation nuclei was non- 
hcmogeneous. Several peak cancentrations were 
encountered a t  constant a l t i tude wlth the 
possibi l i ty  th& the  cause was the crossing of an 
individual dispersed alrcraPt wake. The 
instrument perforned well during the f l igh t  ser ies  
although more work needs t o  be done t o  integrate 
the pressurization system with the condensation 
nuclei counter i n  order t o  eliminate a pneumatic 
couplhg p r o b l a  between the two i n s t m e n t s .  
For the two f l igh ts  selected for 
analysis,  cmcent ra t ims  of l i g h t  scat ter ing 
part ic les  ranged f'rm 2 . 5 ~ 0 5  per cubic meter i n  
the smallest s ize  range t o  about 3 part ic les  per 
cubic meter in the la rges t  s ize range with the 
s ize dis t r ibut ion b clean alr typifying the 
Jmge (1963) parer law dis tr ibut ion with an 
exponent of 3 t o  3.5. Considersble variation i n  
concentration occurred with a l t i tude  although 
the highest concentrations were not dways found 
a t  the  lowest d t i t u d e s .  T-men the a i rc ra f t  flew 
through clouds, very large nmbers of par t ic les  
would be registered especially i n  the larger  s ize  
ranges. The presence of clouds could thus be 
detected by the slope of the s ize dis t r ibut ion 
w e .  
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Figure 3. - Concentration of condensation nuclei vs  t ime for flight on January 23, 1974. 
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Figure 4. - Section of f igure 3 with expanded t ime scale 
showing detail of CN output. 
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Figure 5. - Concentration and size dis- 
t r i bu t ion  of light scattering particles 
taken at various altitude on Jan- 
uary  23, 1974. 
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Figure 6. - Condensation nuclei concentration during flight from San Francisco to Hawaii, January 30, 1974. 
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Figure 7. - Concentration and size dis- 
tribution of light scattering particles 
taken on flight from San Francisco to 
Hawaii, January 30, 1974. 
